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    肿瘤等疾病往往伴有多种体细胞突变，近年来，某些基因的突变情况已经作
为癌症预后和治疗疗效预测的一种生物分子标记物，服务于分子靶向治疗。在化
疗无效的结直肠癌患者中，针对 EGFR 的靶向治疗药物目前取得了重大进展。但
大量研究表明，患者一旦携带有 K-ras 基因第 2 号外显子密码子 12 和 13 上的突
变，就表现出对 EGFR 靶向治疗药物的耐药。因此，K-ras 基因的突变与否可作





    在第一个体系中，我们将探针熔解曲线分析技术分别与不对称 PCR 和不对
称快速 COLD-PCR 结合起来，并对两种扩增技术的检测能力进行了比较。结果
表明，不对称快速 COLD-PCR 对突变模板的富集能力约为普通体系的 10 倍。使
用快速 COLD-PCR 后，对于 Tm 值降低的五种突变类型，体系的选择性从普通
体系的 5%提高到了 0.5%。本体系简便快速，一管一次反应即可对七种常见突变
进行准确筛查，缺点是无法确知样品的突变类型。 
    在第二个体系中，我们将探针熔解曲线分析技术与序列特异性引物的不对称
PCR 扩增结合起来，建立了针对 K-ras 常见七种突变的八管检测体系。此体系的
优点是选择性可以达到 0.01%-0.5%，可以区分样品的突变类型，缺点是管数较
多，操作起来比较麻烦。 






































Somatic mutations are often found in cancer. In recent years, several somatic 
mutations are taking roles as biological molecular markers which are used in 
prognosis and therapy efficacy prediction in cancer, which serves in molecular 
targeted therapy. Targeted therapies against EGFR have made significant progress in 
chemotherapy-refractory metastatic colorectal cancer. However, a number of studies 
have shown that patients who carry mutations on the codon 12 and 13 of exon 2 of 
K-ras gene are resistant to the targeted therapies against EGFR. K-ras mutant-status 
can be used as an effective predictor in EGFR targeted therapy.  
Somatic mutations are often rare mutations with a large amount of wild DNA 
background, making it difficult to detect and identify. In this study, we developed and 
validated three detection systems for 7 common mutants of K-ras gene. We used 
probe melting curve analysis as basic technical platform, and combined it with 
different kinds of primers and PCR strategies. The methods used in the three systems 
are also expected to be applied in other somatic mutations detection. 
In the first assay, we combined probe melting curve analysis with asymmetric PCR 
or asymmetric fast COLD-PCR, and compared the detective capability of the two 
PCR strategies. The study shows that the enrichment ability of asymmetric fast 
COLD-PCR is about ten times better than usual asymmetric PCR. The selectivity of 
the asymmetric fast COLD-PCR is 0.5% and the other is 5%. The assay is simple and 
fast and can screen for seven common K-ras mutations in one reaction, while the 
drawback is that it can’t give the exact mutant types. 
  In the second assay, we combined probe melting curve analysis with asymmetric 
PCR and allele-specific primers, and constructed an 8-tube detection system for 7 
common mutations of K-ras gene. The selectivity of the assay is 0.01%-0.5%. It can 
also give information of exact mutant type of the sample. 
In the third assay, we combined probe melting curve analysis with asymmetric PCR 















mutations of K-ras gene. Artificial Tm label technique achieved screening and 
distinction of multiple mutations in one tube. The selectivity of the system is 0.5%. 
The assay is fast, simple, and can give information of exact mutant type of the sample. 
Kappa test result showed high consistency of the three assays. The methods used in 
the three systems are expected to be applied in detection of other somatic mutations. 
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第一章 绪论 






















Factor Receptor, EGFR)是 受关注的治疗靶点之一，西妥昔单抗和帕尼单抗都是
针对表皮生长因子受体的用于治疗结直肠癌的单抗类靶向治疗药物[6, 7]。EGFR














第一章 绪 论 
6 
酪氨酸激酶型受体的糖蛋白，分子量为 170Da。EGFR 贯穿于细胞膜上(图 1-1[16])，
当其没有被激活时为单体状态，当表皮生长因子（EGF，Epidermal Growth Factor）
或转化生长因子（TGF-α，Transforming Growth Factor α）等配体与 EGFR 结合






目前针对 EGFR 的分子的靶向治疗药物主要有两大类: 一类是针对 EGFR 胞
外配体结合区的单克隆抗体；另一类是针对 EGFR 胞内酪氨酸激酶（TK：Tyrosine 
Kinase）结构域的小分子化合物抑制剂。针对 EGFR 的单克隆抗体类分子靶向药
物的作用机理就是与细胞表面的 EGFR 特异性结合，从而竞争性地阻抑 EGF 和
其他配体的结合，继而阻碍了酪氨酸激酶的自体磷酸化和下游的一系列级联反
应，阻断了细胞内的信号转导途径, 阻滞肿瘤细胞停留在 G1 期、阻抑新生血管
的生成、促进细胞凋亡、抑制癌细胞侵袭和转移等, 从而达到治疗肿瘤的目的。
但同时有研究发现，K-ras 基因外显子 2 上所发生的激活性突变，会使病人对西
妥昔单抗和帕尼单抗表现出耐药[12-15]。K-ras 基因位于第 12 号染色体上，含 1 个
位于 5’端的非可编码外显子和 4个可编码外显子，编码含 189个氨基酸的蛋白质。
K-ras 蛋白为位于 EGFR 下游的膜结合型的 GTP/GDP 结合蛋白（图 1-1[16]），在
GTP和GDP的相互转化过程中，K-ras基因有节制地调节信号系统的开启和关闭，
传递细胞的生长分化信号。当 K-ras 发生突变后，导致 RAS 蛋白一直处于 GTP 
结合的活化形式，使下游信号传递通道一直处于非配体依赖的持续活化状态，刺
激细胞不断生长分化和恶性转化[17]。即，尽管已经用 EGFR 靶向药物将 EGFR
进行了抑制，但 K-ras 突变还是能够持续激活下游通路，从而导致肿瘤的发生。
临床研究结果显示，K-ras 发生突变的病人无法从 EGFR 靶向治疗中获益，其与
K-ras 野生型病人相比，使用 EGFR 靶向药物西妥昔单抗和化疗联合治疗时，反
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